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SEPARATOR ; FOR OIL, GAS AND WATER 

This invention relates to a separator suitable for separating 
oil containing gas and watea? into gas and two liquid streams one 
being an oil rich stream the other a water rich stream and also 
to a process of effecting such a separation « 

When oil is produced from a well, it is forced fromt the reser- 
voir by natural pressure up the well to the surface. As the oil 
rises the pressure becomes less and gas associated with the oil 
is progressively released from solution. 

After emerging from the well, it is necessary to treat the 
mixture of liquid oil and gas to remove the free gas and dissolved 
gas which is likely to come; out of solution when the oil is main- 
tained at about atmospheric pressure as, for example, during 
transport in a tanker. 

Our UK Patent Application No. 2>0Cj'Q,, 05 4A' describes a cyclone 
separator capable of separating such a mixture the cyclone having 
a cone located therein and our co-pending UK Patent Application No. 
2,035,150A describes a cyclone separator which has been improved 
by the provision of baffles; below the cone. The above U.K. Patent 
Applications Nos. 2,000, 054A and 2,035,150A were both published 
prior to the date of filing: of the present Canadian application. 
Further, our co-pending Canadiein Patent Application No. 349,612 
describes a cyclone separatpr which has been further improved by the 
cone being in the form of one of small apex angle or as a cylinder. 

Water, the amount of which can vary greatly, is usually also 
produced with the oil and it is desirable to also remove the water 
since the latter is often sialine and may well cause corrosion of 
steel production facilities;. However, with the separators disclosed 
in the the three above mentioned patents water, if present in the 
feed,, is separated within; t^e liquid oil. 
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It is therefor^ an object of the present 
invention to provide a cyclone separator which is capable 
of separating water as well as gas from liquid oil. 

Thus, according to one aspect of the present 
5 invention, there is provided a cyclone separator suitable 
for separating a crude oil feed containing gas and water 
into (i) gas, (ii) an oil rich liquid and (iii) a water 
rich liquid, said cyclone separator comprising a vessel 
having (a) an inlet for the crude oil feed disposed so that 
10 the feed introduced undef a pressure gradient is caused to 
form a downwardly flowing vortex of liquid from which the 
gas separates, said inlet being controllably variable to 
provide a turndown capability, (b) an upper outlet for the 
gas comprising a pipe extending downwardly into the vessel 
15 from the top thereof to a level below the inlet, the 

diameter of the outlet pipe being from 0,4 to 0.8 that of 
the vessel in the region: of the inlet, (c) a downwardly 
extending hollow truncated cone whose apex angle is less 
than 20^, located below the inlet and disposed so that its 
20 internal surface provides a surface for the downwardly 
flowing vortex of liquid, the vessel having an enlarged 
lower portion, the walls: of the vessel being spaced apart 
from the truncated cone to define therebetween a disengaging 
chamber, (d) an outlet for the discharge of gas from the 
25 disengaging chamber, (e): a baffle disposed transversely with 
respect to the truncated cone and located below the lower 
end thereof and sized so: as to provide a gap between its 
edges and the walls of the vessel, the vessel being sized 
so as to allow the downwardly flowing liquid to separate 
30 into an oil rich liquid ilayer and a water rich liquid layer, 
(f) a first lower outlet for the oil rich liquid and located 
so as to withdraw liquid from below the lower end of the 
cone and (g) a second lower outlet for the water rich liquid 
layer and located below jthe first lower outlet to withdraw 
35 liquid from near the base of the vessel. 

The baffle may comprise one or more baffles 
located in the region of the lower end of the truncated 
cone to engage the vortex of liquid and thereby act as a 
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vortex arresting baffle; 

A convenient arrangement is for the baffle to be 
in the form of a plate and disposed transversely with 
respect to the cone and ; conveniently below the lower end 
thereof, to provide a gap between the plate and the lower 
end of the cone. Conveniently the size of the gap is 
adjustable and the plate is disposed symmetrically with 
respect to the longitudinal eocis of the cone. 

By the terra hollow truncated cone of apex angle 
less than 20** in the present specification we also mean 
to include a cylinder. iThe latter can conveniently be 
regarded as a truncated : cone whose apex angle is zero 
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when viewed in a vertical section. Preferably the diameteii of the 
cone at its lower end is conveniently at least 0.80 that of the 
upper end. 

Desirably there is located below the first lower outlet a 
deflector r suitably in the form of a flat plate, corrugated surface 
or hollow truncated cone to assist in keeping the oil and water 
phases separate and/or reduce liiixing. Conveniently the deflector is 
shaped to assist in deflecting! downwardly flowing liquid towards the 
walls of the vessel. 

Conveniently a level sensor is provided for sensing the oil 
level in the vessel and control means are provided for controlling 
the flow from the first lower outlet and/or second lower outlet in 
response to said oil level. 

Conveniently a further level sensor is provided for sensing 
the water level and control means are provided for controlling the 
flow from the first lower outlet and/or second lower outlet in 
response to said water level. ^ 

As stated above the rati^ of the diameter of the upper outlet 
pipe to that of the vessel in the region of the inlet is from 0.40 
to 0.80^ this ratio. being conveniently from 0.55 to 0.75. The upper 
outlet pipe can .e'xberid/-lnto the. vessel below the cshtBe line of the 
inlet and can conveniently terininate at a level intermediate the 
centre line of the inlet and the upper end of the cone. 

The upper outlet pipe cah have in the region of the lower 
end thereof a flared portion herein referred to as a skirt, to reduce 
the amount of liquid entrained; in the gas flowing upwardly in the 
vortex finder. 

References in the present specification to lower, upper and 
vertical refer to the separator in its disposition for normal use. 

Conveniently the first Ipwer outlet for the oil rich liquid is 
in the form of a pipe extending into the vessel through the wall there 
of to withdraw liquid from a region below the lower end of the cone 
and conveniently near the axis of the vessel. 

The second lower outlet can also be in the form of a pipe 
extending through the wall of the vessel and can be disposed to with- 



draw liquid from a region near 
can be provided by an aperture 



In operation the flow through the outlets is preferably 
controlled. . . 



the base of the vessel. The outlet 

in the region of the base of the vessel 
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to maintain a steady oili level and a steady :water level in 
the disengaging chamber.; 

The inlet to the vessel is prefera^bly rectangular 
in cross section to assist tangential entry.: 

Since the feedrate may vary there is, as stated 
above, means for controliably adjusting the :size of the 
inlet, this means desirably comprising an adjustable shutter 
to restrict the inlet, for example, as described in our UK 
Patent Application No, 2Q00054A and our co-pending UK Patent 
Application No* 2035150A-. 

If necessary provision may be made for injecting 
a demulsifier or defoaming agent, e.g. a silicone oil, at 
any convenient point. 

a vessel whose horizontal section 
of the enlarged portion may jbe 



In the case of 
is circular the diameter 



conveniently 1.2 to 2.0 that of the upper portion. 

In the present: specification the voliime within 
the vessel below where conical surface terminates is * 
considered to be part of; the disengaging chamber. 

The feed may also contain solids which are -o-... . 
normally present in crude oil in the amounts in which they 
are normally present. Siich solids are separated with the 
water rich liquid stream; 

According to a; further aspect of the present 
invention there is also provided a process for separating 
a crude oil feed containing water and gas into (i) gas, 
(li) an oil rich liquid, I and (ill) a water rich, liquid, 
which process comprises i>assing. the feed into a cyclbne 
separator according to said one . aspect of the present 
invention, forming a downwardly flowing vortex of liquid 
from which gas separates > whereby a gas/oil interface is 
formed in the separator and the level of the gas/oil 
interface is maintained above the lower end of the hollow 
truncated cone, withdrawing the separated gas and wherein 
35 the descending liquid is.; caused to form an oil rich liquid 
layer and a water rich liquid layer and withdrawing the 
two liquid layers separately. 

The feed may have a gas: liquid ratio of from 
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1.5:1 to 15:1 and may oj>tionally contain water in ambunt 

* 

up to 50% or more (both 1 amounts being by volume refexrred 
to the feed at separation conditions) and the pressure 
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inside the vessel can be from Ij to 120 bar absolute and inlet veliocities 
to the vessel can be from 5 to 250 m/sec and the process can involve 
controlling the opearating condi-tions vdthin the ranges ^ specified ito 
obtain a separated gas not morei than 10 ppm vol of liquid and a separated 
5 oil rich liquid containing more than 23t water and a water rich liquid 
containing not more than 5^ oil' (both % being by vol). 

In many cases it is preferlred to control the inlet velocity :to 
the vessel in the range 8 to 7Q m/sec to improve vortex formation. 

• • • 

Desirably the oil level in the vessel is controlled to be as high 
10 as possible consistent with theire being no measurable carry over of oil 
in the gas. When there is oil icarry over, the oil content of the gas 
which is normally below 1 ppm Cpart per million) rises; rapidly. Similarly, 
if the oil level is too low th^n there may be gas in the liquid oil and 
the gas content of Hie oil, normally below 15% by volxime, will rise. 
15 Preferably the separator vessel includes means for controlling the 

oil level within the above mentioned limits. 

Preferablv the separator vessel also includes means for controlling 
the water level so that the water content of the oil does not exceed 2% 
vol and the oil content of the i water does not exceed 59^ vol. 
20 The inv^tion is illustrated by reference to the accomapnying 

^ drawings in whica> Figure 1 is a vertical section of one essbodimeht of 

cyclone separator and Figure 21 is an elevation partly cut away of an 
^ alternative embodiment of cyclone separator. Figure 3 is a vertical 
section of an alternative enibodiment of cyclone separator (in wtdch the 
25 water outlet is in a different; position) and also showing schematically 
the oil and water level controls. Although not shown in the drawings 
the embodiments include the adjustable shutter to restrict the inlet 
as described in our UK Patent Applications Nos. 2000054A and 2035150A. 

Referring to Figure 1 the; separator indicated geneirally by reference 
30. numeral 2 comprises a vessel 4; having an inlet 6 of rectangular icross 
section disposed tsuigentially with respect to the vessel 4 to ca\xse 
incoming feed to form a dowRwairdly spinning vortex of enhanced liquid 
from which an upwardly spinniiig vortex of enhanced gas separates. The 
inlet is controllably variable as described in o\ir co-pending UK Patent 
35 Applications Nos* 2000054A and 2035150A to provide a turndown capacity 
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and to accx>nimodate changes In jfeed composition. 'Zhe separator has an 
outlet for gas herein referrec^ to as a vortex finder 8 leading to an 
outlet pipe 10 y and a hollow truncated cone 12 of sxnall angle (the 
angle at the apex of the cone lis 3**) to provide a sur^ce for the 
dovmvardly spinning vortex* dhe ratio of the diameter of the cone 
at its lower end to that at its upper end is 0.88 • A disengaging chamber 
15 is provided h^f the space bejtween cone 12 and the walls 7 of the lower 
part of the vessel and an outlet 20 for withdrawing gas from the 
disengaging chaniber 15 Is provided so that gas not separated from the 
liquid in the centrifugal actijon in the cone does not interfere 'with 

» 

the liquid level control. 

The disengaging chaniber 15 is also provided with a pressure relief 

■ 

valve 25. 

Located transversely with respect to the axis of the cone 12 and a 
small distance below the lower end thereof is a baffle in the form of a 
circular plate 14, the purpos^ of which is to arrest the vortex of gas- 
Means are provided, (not showxi), for moving the plate up or down to 
adjust the size of the gap between the lower end of the cone and the 
plate to optimise the performance of the separator. Below the plate 14 
is a first lower outlet 16 for the liquid oil, arranged so that liquid 
is withdrawn from below the axis of the outlet to reduce the risk of 



entrainment of gas in the oil 
partition 22 in the form of a 
cone lying on tiie axis of the 



during discharge. Below outlet 16 is a 
hollow truncated cone, the axis of the 
vessel. The cone is disposed so as to 
allow water to flow on its tipper surface downwardly and outwardly 
towards the walls of the vessel and into the portion of the vessel 
below the partition. Below the partition 22 is a second lover outlet 
18 for the water rich liquid i^tream disposed in a mariner similar to 
outlet 16. 

A set of straightening vanes, (not shown), are included in: the 
outlet pipe 10 to eliminate any spinning of the gas. 

« 

She vortex finder. 8 has a flared portion to provide a skirt 9 to 
reduce the tendoicy of droplejbs of liquid on the exterior to be: entrained 
in the gas flowing upwardly into the vortex finder. 

The vessel has two connebtions only one of which 28 is shown for an 



10 



15 



1142455 

7 



oil level controller, (not shoim), and connections 30; and 31 for! a water 

• • • 

level controller, (also not shjDwn). At the bottom of the vessel is a 

■ • 

drain hole 24» 

Referring to Figure 2 thel separator indicated generally by reference 
numeral 42 comprises a vessel ^44 having an inlet 46 of rectangular cross 
section disposed tangentially yith respect to the vessel 44 to cause 
incoming feed to form a dovmwairdly spinning vortex 41 from whiclj gas 
separates. The inlet 46 is cdntrollably variable as described in our 
co-pending UK Patent Applications Nos. 2000054A and 2035150A to ;provide 
a turndown capacity. TtiG separator has a vortex finder 48 leading to 
an outlet pipe, (not shown) , eind a hollow inverted truncated corie of small 
angle 52 (the angle at the ap0x of the cone is 3**) to provide a -surface 
for the downwardly spinning vortex 41. The ratio of the diameter of the 
cone 52 at its lower end to that at its upper end is 0.88. 

A set of straightening vines, (not shown), are included in ^ the outlet 
pipe, (not shown), to eliminate any spinning of the gas. 

iis provided by the space between cone 52 
I part of the vessel and an outlet 60 for 



A disengaging chamber 55 
and the walls 47 of the lower 



withdrawing gas from the disengaging cihamber 55 is provided so that gas 
20 not separated from the liquid 1 in the centrifugal action in the cone 52 

does not interftee with the liquid level control. . 

The disengaging chamber 65 is also provided with a pressure relief 

valve, (not shown). 

located transversely with respect to the axis of the cone 52 and a 
25 small distance below the lowei: end thereof is a baffle 54 in this form 

of a circular plate 54, the piirpose of which is to arrest the vortex 41. 

Means are provided, (not showh), for moving the plate 54 up or down to 

adjust the sLze of the gap between the lower end of the cone 52; and the 

plate 54 to optimise the perfbrraance of the separator. Below tiie plate 



30 54 is. a first lower outlet 56 



is withdrawn from below the akis of the outlet to reduce the risk of 



ehtrainment of gas in the oil 



co-axial with the vessel 44. 



for the liquid oil, arranged so tiiat liquid 



during discharge. Below outlet 56 is a 



deflector 62 in the form of d hollow truncated cone, the cone being 



The cone 62 is disposed so as to jallow 



35 water to flow on its upper subface downwEurdly and outwardly towards 
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the walls 47 of the vessel and &way from the oil outlet into the ^rtion 
of the vessel below the deflectiar. Below the deflector 62 is a s^econd 
lower outlet 6B for the water rich liquid stream. Droplets of oil can 
flow upwards within the deflectbr into the oil phase above interfiace 70 
through the aperture at the top; of the cone 62. 

The vortex finder 48 has ^ flared portion (not shown) to provide 
a skirt to reduce the tendency bf droplets of liquid on the exterior 

f « 

to be entrained in the gas floWing upwardly into the vortex findeir 48* 
An oil/gas interface at 72 is riormally maintained above the lower end 
of cone 52. 

Referring to Figxire 3 the iseparator indicated generally by Numeral 82 
comprises a vessel 84 of similar constzruction to that shown in Figure 1 
except the outlet for the water is located nearer the base of 1 the 
vessel 84. The vessel 84 has 4n oil level sensor 90 and a water i level 
sensor 91 and control means comprising valves 93 and 94 controlling the 
flow in lines 95 and 96, the valves 93 and 94 being operated in jpespbnse 
to signals indicative of the oil and water levels. 

Example 1 



Use of a Single Cyclone 

The cyclone separator was; a single vessel as illtistrated in Figure 1, 
and was operated with the oil/gas and oil/water interfaces as shown in 

Figure 2» . ; 

The ox^erating conditions wd performance data are summarised in the 
following table. 
Peed 



Total rate* 



Oil flow 



Temperature 

Inlet pressure 

Equilibrium gas content 

Gas/oil ratio* 

Water content in the 
liquid 

* assumes equilibrium state 



mP/hr 



m oiX/hr 
(bbl/day) 

bar abs 



vbl * 

voli/vol 



% byi vol 16.6 



650 (equivalent to 12,000 bbl/day 
of liquid + gas) 

66.2 

10,000 

40 

42.4 
67.8 
7.2 



8 
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m^/hr 
vol % 
vol % 



Products 

Liquid from 1st lower outlet 

Total rate 

Water content 

Oil content 

The liquid contained 12. Q% volume of gas. 
Liquid from 2nd lower outlet 

Total rate 

Oil content 

Water content 

The liquid contained 5% volume of gas. 
Gas from vortex finder 

Total rate at outlet 
Pressure 

Liquid (oil & water) content 
This Example illustrates 



76.7 
2.0 
84.0 



ro /hr 12. 5 
vol % 1.9 
vol % 93.1 



m'^/hr 595 

bar 40 bar absolute 

ppm 1 



that a separator according to the; invention 
can separate a mixture of liquid oil with 7.2 times its own volume of 
gas and 16.6* its own volume 6f water into (i). a liquid oil containing 
2% by volume of water and 12.0* by volume of gas, (ii) water containing 
1.956 by volume of oil and (iil) gas containing less than 1 ppm of liquid. 

Example 2 

The cyclone was a singl^ vessel as illustrated in Figure % but of 
smaller size than that en^loyed in Elxample 1. 
Feed - litres/hoiir 

Gas 

Liquid oil 
Water 
Total 

Vortex finder pressure 
Products - litres/hour 
From 1st lower outlet 
Oil 



From 2nd lower outlet 
Water 



Temperature 21*^0 
Inlet pressure 1.7 bar absolute 



93.3 
19.2 
4.2 
116,7 

1.5 bar a]:>solute 



19.2 containing 21.2 litres/hr of I gas and 

0.35 litres/hr of i water 



3.83 
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Oil 71 X 10*"^ (C: 18 ppm of oil) 

No gas 
Prom vortex finder 

Gas 72»1 containing less than 1 ppm of liquid. 

The separator according to the present invention is particularly 
suitable for use as a well tesi separator where the mixture to be 
separated may frequently contain water from drilling mud left in: the 
well. 

Unless the context clearly requires otherwise, references to 
volumes of gas and gas to liquid ratios are referred to standeurdi 
conditions of temperature and pressure i.e. 14.7 psig; (1.013 bar 
absolute) and 60°F equivalent to IS^G^'c. 
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